Abstract The retention of natural habitat corridors is a useful and practical conservation tool that can attenuate the effects of habitat loss and fragmentation on wildlife. Linear structures may contribute to the conservation of biodiversity by providing additional habitats for small fauna living in highly modified environments. We assessed the importance of road verges as refuge areas for small mammals, in highly intensified grazed pastures, within a Mediterranean landscape and compared the role of road verges as refuges with that of riparian galleries, which have been described as important shelter locations for small fauna. For this purpose, a small mammal trapping study was undertaken on two road verges and beside two small streams in southern Portugal. We captured 457 individuals of five different species, with Mus spretus the most common species captured, followed by Crocidura russula. Captures were 4.6-fold higher immediately beside both roads and streams than 12 m away in the surrounding matrix. Individuals captured in the matrix presented a smaller body size and lower body condition, suggesting that this suboptimal habitat is occupied mainly by subadults. M. spretus was 46% more abundant by roads than by streams, while C. russula was present in similar numbers in both habitats. M. spretus individuals were larger near streams but exhibited no difference in body condition between habitats. C. russula had a better body condition and slightly higher body lengths at roadsides. Our results show that roadside verges in intensively grazed Mediterranean landscapes act as important refuges and constitute equally vital habitats for small mammals as do riparian vegetation strips in landscapes where other suitable habitats are scarce.
Introduction
It is widely accepted that the retention of natural remnant habitat corridors is a useful and practical conservation measure that can attenuate the effects of habitat loss and fragmentation on wildlife (Downes et al. 1997; Bennett 2003) . By providing additional habitats for species living in modified environments, linear structures make a direct contribution to the conservation of biodiversity. They may substantially increase the overall availability of suitable habitats and, in some cases, may comprise a substantial proportion of the remaining habitat available to wildlife, supporting resident individuals or populations of animals, and playing a key role in maintaining the diversity of wildlife and the continuity of ecological processes in heavily altered environments (Gelling et al. 2007) .
Riparian areas constitute one of the most widespread, diverse and dynamic natural remnant corridors and are known as some of the most productive and diverse habitats available to wildlife, providing important habitats for many aquatic and terrestrial species (Naiman and De´camps 1997) . They play a significant and often essential role in the maintenance of wildlife communities in adjacent upland habitats (Gomez and Anthony 1998) . Riparian strips generally are cooler, wetter, more structurally complex, and more productive than upland areas (Naiman and De´camps 1997) . Their diverse composition, structure of vegetation and variability in soil moisture may create important habitats for the survival and reproduction of many species by providing food and other essential resources, such as shelter (Naiman and De´camps 1997; Gomez and Anthony 1998) . In the case of small mammals, riparian systems are usually described as important habitats, and they may be critical to the conservation of these species (Maisonneuve and Rioux 2001; Cockle and Richardson 2003) .
Ecologists have recently acknowledged that road systems are one of the largest and most extensive functioning systems of linear habitat on Earth (Forman and Alexander 1998) . The vast network structure of road systems, their pervasive spread throughout many different environments, and the large area that they occupy all exert a significant ecological effect (Bennett 2003) . There is much concern about the detrimental effects of road systems, particularly their role as ecological barriers, as a source of mortality for wildlife, and as a source of disturbance to adjacent habitats and the wider landscape (see reviews by Trombulak and Frissell 2000; Forman et al. 2003; Coffin 2007) . Small mammals are often killed by traffic and may be reluctant to cross roads, even when the road is narrow and covered only by gravel (McGregor et al. 2008) . However, the extent of road systems and their level of structural connectivity suggest that there may be advantages for species that are able to use the associated roadside habitats (Bennett 2003) . Road verges do provide a habitat for some animals, particularly insects and small mammals (Bellamy et al. 2000; Coffin 2007) , and some mammal species have been found to use roads as movement corridors (Brock and Kelt 2004; Huijser and Clevenger 2006) . Moreover, in landscapes where almost all native vegetation has been removed for cultivation or pasture, roadside vegetation strips may be especially valuable as reservoirs of biological diversity (Forman and Alexander 1998; Huijser and Clevenger 2006) .
Given this background, we designed a study to assess the importance of road verges as refuge areas for small mammals, in highly intensified grazed pastures, within a Mediterranean landscape where information on this subject is scarce. Our aim was to compare the suitability of this habitat with the fundamental role of riparian galleries, which are natural linear habitats, as refuges for small fauna. The grazing-induced changes in vegetation and in soil compaction produce strong effects on small mammal abundance and species richness (Eccard et al. 2000; Torre et al. 2002 Torre et al. , 2007 , so the subsistence of linear habitats in structurally simple grazed areas should be highly significant. An additional aim was to compare the permeability of roads and small streams to the movements of small mammals. To this end, we undertook a trapping study to survey the diversity and abundance of small mammals and to quantify movements on road verges and in small stream surroundings. Specifically, our objectives were (1) to identify the habitat characteristics that favor the occurrence of small mammals near streams and in road verges; (2) to assess and compare the effects of habitat on several population parameters, including age, body condition, and population turnover rates; (3) to quantify the number of road and river crossings among the most abundant species.
Methods
This study was conducted in the vicinity of É vora (38°34¢N, 7°54¢W) in southern Portugal. The climate is typically Mediterranean, with hot and dry summers and cold and wet winters. During the study year (2007), monthly average precipitation ranged from 2.4 mm in July to 97.3 mm in February (SNIRH 2007) . Specifically, the monthly precipitation during field work data collection, in October 2007, was 48.5 mm, less than the average monthly precipitation of 75.0 mm (SNIRH 2007) . Topography is mainly plain, with the altitude ranging from 100 to 300 m a.s.l. Landscapes are dominated by the typical Mediterranean agro-pastoral woodlands of cork oak (Quercus suber) and holm oak (Q. ilex), locally known as montado, intermixed with open pastureland, extensive cultures of cereals in a fallow cereal rotation basis, and a few irrigated annual crops.
Four study sites were chosen, two paired areas each incorporating both a road segment and a riparian vegetation area, to compare small mammal communities between these two types of linear habitat. Field data were collected over the last 2 weeks of October 2007, after the season's first rains, and each pair of sites was sampled simultaneously. The first pair of sites was a section of national road N380 (38°28¢N, 8°02¢W) and a portion of Valverde Stream (38°29¢N, 8°02¢W). The second pair of sites was located 20 km to the north of the first pair and incorporated a section of municipal road M529 (38°39¢N, 8°01¢W) and a section of the Almansor River (38°40¢N, 8°01¢W). Distances between the two locations within each pair were approximately 2.2 km to control the effect of geographical variation. These four locations were chosen due to their similarities and linear structure width, taking experimental design specifications into account (see following section). N380 and M529 are two-lane asphalt roads, 7 and 6 m wide, respectively, with no paved verges. At the time of the study, road verge vegetation was mostly herbaceous, with scattered shrubs and/or trees. A strip of vegetation next to the road surface of both roads (2 m wide at N380 and 1 m at M529) is mowed once a year, in late spring or early summer. Valverde Stream and the Almansor River are medium-width water courses, with herbaceous, shrub, and arboreal layers forming structured galleries of dense vegetation cover. Both stream sections were dry during data collection, which enabled small mammals to cross between the two margins. All four study sites were within a matrix of open grassland and had been recently grazed by cattle. At all four sites, the dominant species of herbaceous vegetation were gramineous plants.
Field methods
Animals were captured using medium-size Sherman live traps (8 · 9 · 23 cm) that were baited with a mixture of oat-flakes, sardines, and vegetable oil; raw cotton was provided for bedding. At each study site, 90 traps were placed along three trapping lines situated parallel to the road or stream (Fig. 1) . Two of these lines (Inside A and B) were positioned on either side of the linear habitat, in road verges or riparian vegetation, and the third (Matrix) was placed further away from the linear habitat within the pasture matrix on one side of the road or stream. The trapping line contiguous to the line Matrix was arbitrarily defined as Inside A, while the trapping line on the opposite side of the linear structure was defined as Inside B. The three lines were 12 m apart and each consisted of 30 traps, also placed at 12 m intervals. In order to maintain the same distance between the line traps on the two river margins, both lines Inside A and B near the Almansor River were positioned at the exterior border of the riparian gallery; for Valverde Stream, the trapping line Inside B had to be positioned inside the riparian gallery.
Each trapping session consisted of four consecutive nights (360 trap-nights at each site, for a total trapping effort of 1,440 trap-nights), during which time the traps were checked every morning at sunrise. Upon capture, all animals were identified, measured, and weighed using a hand-held spring scale (Pesola AG, Baar, Switzerland). Each captured individual was marked with a specific fur clip identifying trapping line and day of capture or recapture and then released at the capture point immediately after data collection.
Microhabitat parameters describing vegetation structure were measured in 0.5-m-radius circles around each trap, with the trap at the center of the circle. The layer cover of each substrate type (bare ground, leaf litter, and rocks) and grass was visually estimated at the ground level and ranked into four categories (see Table 1 ). We also ranked the layer cover of shrubs and trees. The mean heights of grass and shrubs were obtained by measuring each stratum at two points, one at the entrance of each trap and another chosen randomly within the 0.5-m-radius circle.
Data analysis
The species composition of linear habitat types (stream vs. road) and trapping lines (Matrix, Inside A and B) were compared using contingency tables tallying the numbers of captured animals, followed by application of the log-likelihood or G-test (Zar 1996) .
Generalized linear models (GLM) were used to estimate the effects of macro-(linear habitat and trapping line) and microhabitat variables (describing vegetation structure; see Table 1 ) on the abundance of small mammals (Zuur et al. 2007 ). Each individual trap was established as the sampling unit, and the response variables were the abundance index of small mammals and Mus spretus (using a Gaussian regression model with a 'identity' link) and, due to the lower number of captures, as the presence/absence of captures of Crocidura russula at each given trap (using a binomial regression model with a 'logit' link). The abundance index was defined as the ratio of the number of individuals caught at each trap (excluding recaptures) to the number of functional trapnights (i.e., when the trap was found the next morning to be either empty and still set, or tripped and containing a small mammal). Prior to statistical analysis, explanatory continuous variables were log-transformed [log (x + 1)] to approach normality and to reduce the influence of extreme values (Zuur et al. 2007 ). Spearman rank correlations were computed between all pairs of explanatory variables in order to examine for the presence of collinearity. From each pair of highly correlated variables (r > 0.7), only the one demonstrating the stronger association with the response variable was retained for further analysis (Zar 1996) . For each response variable, a preliminary screening of habitat variables was undertaken, using univariate analysis to identify significant main effects on the abundance of small mammals. We used the indicator contrast to estimate the regression coefficients for all categorical variables, with the first category as reference. Only significant (P < 0.05) and nearly significant (0.05 < P < 0.10) variables were considered during multivariate model construction. Nearly significant variables were also considered to reduce the incidence of Type II error and to avoid the rejection of ecologically relevant effects at an early stage of analysis (e.g., Underwood 1997 ). Final multivariate model selection was performed using a forward and backward stepwise procedure, utilizing Akaike Information Criteria (AIC) to select the best models (Zuur et al. 2007) . For each final model, the proportion of the explained deviance was used as a measure of the explained variance (Zuur et al. 2007) .
Mean body length and mean body condition index (weight/body length) of the commonest species were compared between linear habitats and trapping lines using two-way analysis of variance (ANOVA), with Tukey's HSD test for post hoc comparisons (Zar 1996) . Prior to this, data were log-transformed [log (x + 1)] to approach normality and homoscedasticity and to reduce the influence of extreme values (Zar 1996) .
The number of recaptured individuals (individuals recaptured at least once) relative to non-recaptured ones was compared for streams and roads and for the three trapping lines-Matrix and Inside A and B-using 2 · 2 (recaptured vs. non-recaptured · stream vs. road) and 2 · 3 (recaptured vs. non-recaptured · Matrix vs. Inside A vs. Inside B) contingency tables.
We accounted for the number of crossings between any two of the three lines, in streams and roads, in order to evaluate the influence of these linear structures on small mammal movements.
Multivariate regression analyses were conducted using the program Brodgar 2.5.7 (a Windows interface The species composition was significantly different for streams and roads (G = 8.111, df = 3, P = 0.044), with M. spretus representing 74.3% of the total captures near roads and only 66.2% by streams, and A. sylvaticus being more abundant near streams (8.1% of the total captures) than by roads (3.1%). At road sites, species composition exhibited nearly significant differences between trapping lines (G = 10.950, df = 6, P = 0.090); meanwhile, near streams, these differences were highly significant (G = 21.538, df = 6, P = 0.001), mainly because the proportion of both M. spretus and C. russula captures varied greatly between the three trapping lines (M. spretus: 100% along the Matrix line, 58.9% along Inside A, and 67.6% along Inside B; C. russula: 0% Matrix, 31.8% Inside A, and 19.7% Inside B).
During the trapping sessions, 322 individuals were captured only once and never recaptured (145 by streams, 177 by roads), and 135 animals were recaptured on at least one occasion (54 by streams, 81 by roads). The ratio of recaptured animals was not significantly different between roads and streams for total captures or for either of the two species, M. spretus and C. russula, analyzed separately (all comparisons P > 0.3). For M. spretus, the proportion of recaptured individuals tended to be lower in the surrounding matrix (20.0% of recaptures at both habitats) relative to recaptures along the trapping lines Inside A and B (an average of 30.7% of recaptures near streams and 34.2% near roads), although these differences were not statistically significant for any species (all comparisons P > 0.09).
At the four sampled sites, we identified five movements between different trapping lines: two were stream crossings (between Inside A and Inside B), one was a road crossing (between Inside A and Inside B), and two were movements between the riparian habitat and the surrounding matrix (between Inside A and the Matrix). There were no recorded movements between the matrix and the opposite side of the linear structure (between the Matrix and Inside B).
Abundance in different habitats
Mus spretus individuals were more abundant along road verges than on riparian strips, with 46% more individuals captured in the former (Fig. 2) . However, the abundance of C. russula and A. sylvaticus was similar between these two habitats.
The total number of small mammals captured along each of the trapping lines was different, as were captures of the three most common species. The total numbers of captures along the trapping lines placed on either side of the linear habitats (trapping lines Inside A and B) were, Fig. 1 and text (Field methods) on average, 4.6-fold higher than the numbers of animals captured on the adjacent matrix (trapping line Matrix). In particular, captures inside the linear habitats for M. spretus, C. russula, and A. sylvaticus were, respectively, 3.5-, 25.8-, and 5.5-fold higher than in the matrix. The low number of captures of A. sylvaticus prevented further analysis of these data.
Small mammal response to habitat characteristics
Microhabitat characteristics varied between linear habitats and between trapping lines ( Table 2 ). The mean height of the herbaceous layer was higher next to roads and lower on the matrix; grass coverage was also higher near roads, but at stream sites, it was superior within the surrounding matrix. Shrub and tree coverage and mean height were higher at stream sites than near road sites and on the surrounding matrix. By roads, there was a higher proportion of bare ground coverage on the Matrix, while litter coverage was higher along the Inside A and B lines near streams.
Out of the 360 traps, 239 captured small mammals (202 of them captured M. spretus and 82 C. russula). Some microhabitat features varied between sites with and without captures of M. spretus and C. russula (Table 3) . Sites with M. spretus or C. russula had taller grass, slightly more shrub coverage, and less bare ground coverage than sites without captures. For C. russula, the shrub layer was also taller. The same pattern was apparent when the total number of small mammals captured was considered.
Some microhabitat variables were strongly correlated with others, so they were not used during further analyses. This was the case for shrub mean height, which was highly correlated (r = 0.80) with shrub cover, and for litter cover, which was highly correlated with tree cover (r = 0.77). Hence, out of these four variables, we only incorporated shrub and tree cover in subsequent analysis.
Univariate analysis revealed that the total number of small mammal captures was significantly associated with seven explanatory variables (Table 4) . Captures were higher near roads (P = 0.004) and inside linear habitats (P < 0.001). There was also a strong positive association between total captures and the mean height of the herbaceous layer (P < 0.001). Grass, shrub, and tree coverage had a positive effect upon the abundance of small mammals, and bare ground cover had a negative one, even though only some of the categories of these variables demonstrated significant associations. After the variable selection procedure, the best model for the abundance of small mammals included six variables: linear habitat type, trapping line, grass height, and Grass height (cm) 9.4 ± 6.9 14.9 ± 13.4 12.0 ± 14.7 4.4 ± 6.7 52.4 ± 32.1 73.2 ± 27.8 Grass cover 3.6 ± 0.7 2.2 ± 0.9 2.3 ± 1.4 3.1 ± 1.0 3.6 ± 0.6 3.8 ± 0.4 Shrub height (cm) 0.0 ± 0.0 78.3 ± 61.9 98.5 ± 77.7 0.6 ± 4.5 13.9 ± 31.8 5.6 ± 19.1 Shrub cover 1.0 ± 0.0 2.17 ± 0.8 2.0 ± 0.6 1.0 ± 0.1 1.2 ± 0.6 1.1 ± 0.4 Tree cover 1.0 ± 0.0 2.0 ± 1.3 3.1 ± 1.2 1.1 ± 0.6 1.1 ± 0. 1.5 ± 0.8 1.2 ± 0.4 1.5 ± 0.7 1.3 ± 0.6 1.6 ± 0.8 1.4 ± 0.7 Tree cover 1.5 ± 1.1 1.6 ± 1.1 1.5 ± 1.1 1.6 ± 1.1 1.5 ± 1.0 1.5 ± 1.1 Bare cover 1.2 ± 0.5 1.5 ± 0.8 1.2 ± 0.5 1.5 ± 0.7 1.1 ± 0.3 1.4 ± 0.7 Litter cover 1.3 ± 0.6 1.4 ± 0.8 1.2 ± 0.6 1.4 ± 0. coverage by grass, shrubs, and trees; this model explained 44.2% of the variation in this response variable. The abundance of M. spretus exhibited significant univariate associations with six of the predictor variables (Table 4) . M. spretus was more abundant at road sites (P = 0.002) and inside linear habitats (P < 0.001), with the number of captures of this species increasing significantly with increasing grass height (P < 0.001). M. spretus numbers were negatively correlated with bare ground coverage and positively correlated with coverage with either shrub or grass. The multivariate model for the abundance of M. spretus included four variables-linear habitat, trapping line, and grass and shrub cover-and explained 23.0% of the variation in the number of individuals captured.
Captures of C. russula, analyzed as a binomial variable, had significant univariate relationships with six explanatory variables ( Table 4 ). The probability of occurrence of C. russula increased inside linear habitats (P < 0.001) and with increasing mean height of the herbaceous layer (P < 0.001). The presence of this species was positively affected by grass, shrub, and tree cover and negatively affected by bare ground coverage. The best model explained 27.2% of the variation in the presence of C. russula and included three variables: trapping line, mean grass height, and tree cover.
Size and body condition
The mean body length of M. spretus differed significantly by habitat type and trapping line: animals were larger at stream sites, but significantly smaller in the surrounding matrix than inside linear habitats (see Table 5 for ANOVA results; Tukey's HSD test: MatrixInside A, P = 0.005; Matrix-Inside B, P = 0.006; Inside A-Inside B, P = 0.992). There was no interaction between the two factors (linear habitat and trapping line). C. russula exhibited a great variability in mean body length, with ANOVA revealing a significant difference between habitats, namely, slightly bigger individuals were near roads; however, there were no statistically significant differences between trapping lines, despite the lower value of body length in the Matrix (Table 5 ). There was a highly significant interaction between these two factors, mainly due to the discrepant values along line Inside B between streams and roads.
For both M. spretus and C. russula, the mean body condition index was not statistically different between trapping lines, although for M. spretus, the lower value on the Matrix approached significance (Table 5 ). This index for M. spretus was also similar between roads and streams, but for C. russula, it was significantly superior among individuals captured nearby roads (Table 5 ). There was no interaction between linear habitat and trapping line for either species. Significance levels and directions of association: negative (À) or positive (+) are given for habitat variables showing significant (P < 0.05) or nearly significant (0.5 < P < 0.10) univariate relationship with the response variables. The first categories were used as the indicator category (Ind.) for comparisons within the categorical variables. Variables in bold are those also incorporating the best multivariate models. The amount of explained variation is given for each of the best models. See Table 1 for definition of variables GLM Generalized linear models
Discussion
In our study, the three most captured species-M. spretus, C. russula, and A. sylvaticus-are among the most abundant small mammals found in Mediterranean habitats, and they have been captured recurrently in the region (De Alba et al. 2001; Pita et al. 2003) . However, there were major differences in the number of captures of each species, with M. spretus captures being threefold higher than that of the second most captured species, C. russula. This distinct pattern probably reflects both the seasonal patterns of population abundance and the habitat preferences of the studied species. Our study took place in late October, at the beginning of the wet season, when the abundance of M. spretus is at its annual peak following the spring and summer reproductive period (Palomo et al. 2009 ). Conversely, A. sylvaticus and C. russula populations were at their lowest levels since their peak reproductive period occurs after the period covered by our study, during the winter months (Torre et al. 2002; Pita et al. 2003) . The higher number of captures of M. spretus may also be a consequence of the main habitat type in the matrix (grassland) surrounding the sampling sites, since M. spretus prefers open fields with tall grass (Palomo et al. 2009 ), while A. sylvaticus often resides in fields with high forest cover (Torre et al. 2002) . C. russula shows a mixed pattern of habitat use: it often is associated with open landscapes and cultivated fields (Michel et al. 2007) , but it appears to concentrate in forested patches during the winter season (De Alba et al. 2001) .
Our trapping results demonstrated a very low number of crossings between each side of the narrow roads and streams, restricting any conclusions drawn from these data to indicative ones. Although we expected a low number of movements across the roads (Rico et al. 2007; McGregor et al. 2008) , the reduced number of crossings through riparian galleries was a surprising result because, at the time of our sampling, the streams were dry over almost their entire course, with water therefore posing no barrier to small mammal movements.
Linear habitats as refuges for small mammals Species composition along roads was similar on verges and in the surrounding matrix. Conversely, next to streams, the only species captured outside the riparian gallery was M. spretus. This may be due to differences in the vegetation structure in these habitats since there were more similarities in the vegetation of the three trapping lines adjacent to roads, where the herbaceous layer was dominant, than by streams.
Several studies have established the importance of linear habitats as refuges for small mammals in agricultural landscapes. The use of hedgerows by these species is a well-known example of this (Gelling et al. 2007) . A study by Chapman and Ribic (2002) reported that more small mammals were present on riparian strips than on the less favorable surrounding matrix. The added importance of roadside verges as habitats of higher abundance of small mammals has also recently been recognized (Meunier et al. 1999; Bissonette and Rosa 2009) . Our results, which to the best of our knowledge are the first to be published for Mediterranean environments, support the findings of these earlier studies: the total captures of small mammals, as well as captures of each of the three species, were much higher both along roadsides and riparian strips than within the surrounding grazed matrix. Therefore, based upon the regularity of this pattern, we may ask how much further away from the linear habitat would it be possible to detect differences in small mammal abundance. In a recent study along a road in the É vora region, Ramalho (unpublished data) detected major differences in the captures of small mammals between road verges and the surrounding matrix, where the trapping lines in the matrix were placed 100 m apart from the roadside. In our study, however, we found very uneven small mammal abundances at very short distances (12 m) from the linear habitat on both road verges and riparian vegetation strips. GLM results on the habitat characteristics favored by each species show that the abundance of M. spretus and the presence of C. russula are greater in linear habitats, which is in accordance with their preference to occupy sites with taller grass, more grass and shrub coverage, and less bare ground. C. russula also selects sites with greater tree cover. In the surrounding grazed matrix, the low vegetation height and cover negatively affect the presence of these two species, likely as a reflection of the poorer shelter and food availability conditions provided by these areas.
The tendency for individuals of both species, M. spretus and C. russula, caught on the matrix to have a smaller size and poorer body condition and the lower recapture rate of M. spretus in these areas suggest that the grazed matrix is primarily used by transient individuals (Brock and Kelt 2004) . Individuals captured in the surrounding matrix seem to be predominantly subadults, probably subordinates that have been chased away from the higher quality habitats of streams and roads by dominant members of their species (Bowler and Benton 2005) . However, due to the small distance that separated the trapping lines, we cannot tell if the animals captured along this external line were making dispersal movements or if they merely were occupying less favorable portions at the periphery of the larger, dominant animals' territories (Cook et al. 2004 ).
Comparison of the habitat suitability of the two linear habitats, roads and streams
We found a greater predominance of M. spretus at road sites and higher numbers of A. sylvaticus by streams. The vegetation near the roads consisted mainly of grass, with scattered shrubs and trees, while near streams, we identified more complex-structured vegetation. Our results are in concordance with the habitat preferences of these two species: M. spretus prefers open grassland sites, and A. sylvaticus selects shrubby habitats for nesting and foraging.
M. spretus was more abundant at roadsides than among stream side vegetation, but C. russula was similarly abundant in both linear habitats. This result suggests that roadsides and riparian strips present similar habitat quality for C. russula, whereas road verges have a better habitat quality for M. spretus. However, the placement of one trapping line in the interior of the riparian gallery at one of the streams sampled, rather than along the exterior border, lowered the total number of small mammals captured along riparian strips, especially M. spretus and C. russula. This may be one of the reasons we detected a significant difference in the abundances of small mammals between the two linear habitats. However, even if this is the case, our results also show that small micro-environmental differences inside narrow linear habitats may translate into significant changes in small mammal community composition. We found that the abundance of M. spretus is augmented along roadside verges with a higher cover of grasses and shrubs. At our four sampled sites, road habitats presented higher herbaceous cover than stream vegetation. C. russula, alternatively, seems to prefer a combination of taller grass with more tree cover. Along the roadside sites, grass was taller than by streams, but tree coverage was less; therefore, both linear habitats exhibited advantageous, albeit different, characteristics to C. russula, which may explain the similar abundances we detected by roads and streams.
M. spretus individuals were bigger by streams, but there was no difference in body condition between the two habitats, despite the increased abundance by roads, which probably reflects a higher rate of survival of young, smaller individuals on roads. These results are somewhat difficult to explain. High-quality habitat patches may be occupied by dominant, territorial individuals that maintain relatively stable, but low-density populations, and non-territorial subdominants actually may be present in higher densities in lower quality habitats (Bowers and Dooley 1993) . However, small mammals, in contradiction, exhibit relaxed territoriality and a decrease in agonistic behaviors as food conditions improve (Corp et al. 1997) , thereby diminishing their home ranges and increasing their densities. Our results are consistent with studies which have found that predator reduction has a distinct and positive effect upon the abundance of small mammals, in addition to decreasing mean body size and age ratio (Norrdahl et al. 2004) . Riparian habitats are expected to have higher densities of predators than road verges, since in this region, mammalian predators use riparian habitats intensively (Santos-Reis et al. 2004; Matos et al. 2009) , and roads are known to have detrimental effects upon the distribution of carnivores (Fahrig and Rytwinski 2009; Galantinho and Mira 2009 ).
For C. russula, we found significantly better body conditions and bigger body sizes among animals captured at the roadside. Differences in prey availability might contribute to the enhanced body condition of C. russula near roads, possibly due to a greater abundance of insects and other invertebrates along road verges (Bennet 2003; Huijser and Clevenger 2006) translating into increased food availability for the insectivorous C. russula. Nonetheless, riparian vegetation strips are also expected to have higher densities of invertebrates (O'Connell et al. 1993 ) than the landscape matrix. These results may also reflect a behavioral response by shrews to a possible decreased density of predators by road verges, with individuals consequently increasing their foraging activity (Norrdahl et al. 2004; Dı´az et al. 2005) or simply being subjected to a lesser degree of chronic stress (Karels et al. 2000) , with the consequent enhanced body condition and higher growth rates. Further studies are necessary to clarify the differences in small mammal body conditions between these two habitats.
We have to underline that our results should be taken with caution due to the limited spatial and temporal replication of our sampling design. Notwithstanding these constraints, our results do show that road side verges, in intensively-grazed Mediterranean landscapes, act as important refuge habitats for small mammals, harboring abundant populations on their narrow vegetation strips. Our results also suggest that roadsides are a more suitable refuge habitat for the two most abundant species, M. spretus and C. russula, than riparian vegetation strips. Roadways thus constitute vital habitats for small mammals, in landscapes where other suitable habitats (e.g., tall grass and/or shrub cover) are scarce. However, additional studies, carried out over a wider period of seasons and years and with increased sampling sites, are needed to demonstrate whether these patterns are constant and to provide a more reliable measure of the real impact of road verges on the persistence of small mammal communities.
